Objectives: To evaluate the antioxidative and therapeutic effects of spirulina on the trichloroethylene induced cutaneous irritation balb/c mice. Background: During recent years, an attention has been focused on the antioxidant potential of Spirulina species. Methods: Balb/c mice were randomized into the four groups. At the end of the each application, the rats were sacrifi ced and dorsal skin was taken. Histopathologic and immunohistochemical evaluations were conducted, oxidative stress was assessed by the measurement of malondialdehyde (MDA) levels, superoxide dismutase (SOD) activities and nitric oxide (NO) production.
Spirulina is a blue-green alga that is rich in proteins, vitamins, essential amino acids, minerals and essential fatty acids. It is produced commercially and sold as a food supplement in health food stores all over the world. Until very recently, the interest in Spirulina was mainly for its nutritive value. Over the past few years, however, it has been found to have many additional pharmacological properties (1) (2) (3) (4) (5) . Many preclinical studies and a few clinical studies suggested several therapeutic effects ranging from a reduction of cholesterol and cancer to the enhancement of the immune system. Spirulina is effective for treating certain allergies, anemia, cancer, hepatotoxicity, viral and cardiovascular diseases, hyperglycemia, hyperlipidemia, immunodefi ciency and infl ammatory processes, among others (6) . During recent years, an attention has been focused on the antioxidant potential of Spirulina species. It has been found that Spirulina is capable of inhibiting carcinogenesis and organ-specifi c toxicity due to its antioxidant properties (5, (7) (8) (9) .
Trichloroethylene (TCE), a colourless and volatile organic solvent, is widely used in industry as metal degreasing and dry cleaning agent for various cleaning operations, such as computer chips and electronic product, and has been a major chemical hazard during occupational exposure. Under current technological and economical conditions, a direct skin contact with TCE often occurs and is inevitable during the process of various operations (10, 11) .
TCE has been shown to produce a broad spectrum of toxicological effects in the skin. With the development of industry, an increasing number of reports on skin injuries have been implicated with TCE in recent years. TCE-caused dermatitis by occupational exposure has become a new and urgent problem to be solved in the fi eld of public health in fast-developing countries (12) (13) (14) .
The effect of TCE on skin irritation has received little attention. The irritation effects of TCE on skin have been examined a few study (15) .
Our aim was to investigate antioxidative and therapeutic effects of Spirulina on trichloroethylene induced cutaneous irritation balb/c mice.
Material methods

Animals
Eight to ten-week-old female BALB/c mice rats, weighing 20 g each, were obtained from Gazi University Laboratory Animal Breeding and Experimental Research Centre (Ankara, Turkey).
They were held in stainless-steel cages in the animal room, which was maintained on a 12 h light/ 12 h dark cycle at 21-22 ºC. All rats were allowed free access to food and water and libitum. The structure of the study and animal experimental procedures were approved by the Ethical Committee of Gazi University.
Chemicals
All agents including TCE (99.5 % purity, analytical grade or the highest commercial grade available) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Concentration of TCE used in this study were: 80 % (v/v dissolved in olive oil).
Induction of acute irritation
In order to enhance the adherence, the dorsal skin of the animals about 2.5 cm 2 size area were de-lipidized with ethanol-wetted cotton pads. After air-drying, 50 μl of TCE dissolved in olive oil was painted topically on the delipidized site, and then covered with sterile plastic fi lm, which was fi xed with non-irritant adhesive tape. The fi lm was removed 4 h post-application (as an occupational hazard, 4 h of application represent a maximum continuous exposure in a working session at a workplace) and the treated area was gently wiped with normal solution to remove any residual liquid from the skin surface. One hour later, skin reactions were observed visually. This treatment was given twice daily (at 3 h interval) for 1 day in an acute irritation, respectively (15) .
Experimental design
20 balb/c mice randomized into the four groups Group 1 (acute dermatitis group n=5): TCE group (80 %). At the end TCE of treatment, the animals were killed and the dorsal skin was examined.
Group 2 (pre acute dermatitis/antioxidant group n=5): 0.06gr spirulina was administered orally via gavage 7 days before the acute dermatitis test (80 % TCE). At the end TCE of treatment, the animals were killed and the dorsal skin was examined.
Group 3 (post acute dermatitis/ treatment group n=5): 0.06 g spirulina was administered orally via gavage 7 days after the acute dermatitis test (80 % TCE). Eight days after the TCE treatment, the animals were killed and the dorsal skin was measured.
Group 4 (control group n=5): no application was done. At the end of the eight day, the animals were killed and the dorsal skin was measured.
LPO activities measurement
The levels of MDA, served as an indicator of LPO, was determined in the tissues directly by the reverse phase high-pressure liquid chromatography method (HPLC) after derivatisation with 2,4-dinirophenylhidrazine (Türközkan et al, 2006 ) (16) .
Sample preparation for total MDA in HPLC
Tissue preparation 500 mg tissue was homogenized by Vetra-Turrax in a volume of 1.15 % KCl, 24000 rpm/min (17) . For an alkaline hydrolysis of protein bound MDA, 200 μL 6 M NaOH was added to 1 ml homogenenate in an eppendorf cup and the sample was incubated in a 600C water bath for 45 min. An aliquot of 1 ml was diluted with an equal volume of acetonitrile to precipate proteins. The resulting suspension was then vortex mixed for 30 s and centrifuged at 15 000g for 10 min. The upper clear supernatant (0.25 ml) was transferred to a 2 ml eppendorf cup, mixed with 25 μL DNPH solution (5mM in 2 M HCl, pH = 0.09) and incubated for 10 min at room temperature. After derivatisation, the samples were fi ltered through a 0.2 μm fi lter. Aliquots of 20 μL were injected into HPLC system (18, 17, 19, (20) (21) .
Preparation of the standard curve
MDA standard was prepared by dissolving 25 μL 1,1,3,3 tetraethoxypropane (TEP) in 100 ml of water to give a 1 mM stock solution. Working standard was prepared by hydrolysis of 1 ml TEP stock solution in 50 ml 1 % sulfuric acid and incubation for 2 h at room temperature. The resulting MDA standard of 20 nmol/ ml was further diluted with 1 % sulfuric acid to yield the fi nal concentration of 10.5, 2.5, 1.25 and 0.625 nmol/ml to get the standard curve for the estimation of total MDA (19) . 0.250 ml of standards were mixed with 25 μL DNPH solution and incubated for 10 min. A 20 μL volume of the reaction mixture was directly injected onto HPLC system by fi ltered through a 0.2 μm fi lter or unfi ltered (18) .
HPLC analysis
The samples were analyzed on an Agilent HP 1100 series HPLC apparatus (USA). The analytical column ODS 2 C18 (5 μm particle size, 125 μ4 mm). In our experiment, analytical column was 5 μm pore size spherisorb ODS-2 C18 reserve phase column (125 μ4 mm) the retention time of the MDAhydra zone averaged 6.0 min for daily runs. The mobile phase was acetonitrile-distilled water (38: 62, v/v) containing 0.2 % (v/v) acetic acid. HPLC apparatus was isocratic a condition at a fl ow rate 1 ml/min and UV detector was set at 310 nm. MDA peaks were determined according to its retention time and confi rmed by spiking with added exogenous standard. Concentrations of MDA were calculated from the standard curve prepared from 1,1,3,3 tetraethoxypropane and expressed as nmol/ml for the plasma and nmol/mg for the tissues (22, 18) .
Determination of SOD production
The anti-oxidative enzyme-SOD activities was determined according to the method of Nishigori et al (1989) (23) , which is based on inhibition of nitroblue tetrazolium (NBT) reduction by the xanthine oxidase system as a superoxide generator. 50 μl of the homogenate supernatant was added in the reaction mixture containing 985 μl of 100 mM PBS (pH 7.4), 0.3 mM K2H2-EDTA, 0.5 mM NBT, and 0.1 mM xanthine. The mixture was preincubated for 3 min at 25 °C. Then, 10_l of 0.02 U/ml xanthine oxidase was added and centrifuged. Absorbance was recorded at 550 nm.
SOD activities was calibrated from the standard curve of percentage inhibition of NBT reduction and expressed as units/mg protein. One unit of SOD was defi ned as the amount causing 50 % inhibition in the NBT reduction rate. The results were expressed as U/mg protein.
Determination of NO production
Since NO rapidly degrades to nitrate and nitrite in aqueous solution, the total nitrate and nitrite levels were estimated as an index of NO production. This test used a spectrophotometric method based on the Griess reaction (Green et al, 1982 ) (24) . To measure nitrite plus nitrate levels, 0.1 ml supernatant was mixed with Griess reagent (consisting of one part 1 % sulfanilamide in 5 % orthophosphoric acid) at room temperature for 10 min, and the absorbance was then measured at 550 nm. The concentration of nitrite plus nitrate was calculated according to a NaNO 2 standard linear curve. Results were expressed as μmol/mg protein.
Histopathological analysis
Masson Trichrome staining
Skin samples taken from control, acute dermatitis, pre acute dermatitis/antioxidant, post acute dermatitis/ treatment groups were determined in 10 % formaline solution for 72 h.
Cross-sections of 4-5 μm taken from tissues under routine histological treatments were dyed with Masson Trichrome. (Masson trichromica Goldner, Bioptica 011802). The preparations were observed under Leica DM 4000 B microscope. Observations were evaluated as: Disruption in epidermal integrity, oedema in intercellular dermis, disorganization in collagen fi bres (-: not observed, + : minimum level, ++ : medium level, +++ maximum) (Tab. 2).
Immunohistochemical method
Skin samples from each group were dyed immunohistochemically with [Caspase 9] LAP 6 Ab-4 (Thermo Scientifi c)] in order to determine apoptosis.
Immunoreactivity in each group was evaluated as (no retention: -, medium level retention: +, maximum level retention: ++) (Tab. 2).
Statistical analysis
Throughout the text, data were expressed as the mean ± standard deviation (S.D.). All statistical analysis were performed by the Mann-Whitney U test.
Antioxidant and therapeutics effects were investigated through the levels of skin MDA, SOD, NO. Table 1 demonstrate the levels of skin MDA, SOD, NO levels in acute dermatitis, pre acute dermatitis/antioxidant and post acute dermatitis/ treatment groups.
We have observed a signifi cant increase in MDA level at the end of the TCA application (acute dermatitis group) when compared to the control group (p<0.05). MDA levels were decreased in the pre acute dermatitis/ antioxidant and the post acute dermatitis/treatment group when compared to the acute dermatitis groups (p<0.05).
No signifi cant differences in skin MDA levels in the pre acute dermatitis/antioxidant group when compared to the post acute dermatitis/ treatment group (p>0.05).
We have observed no signifi cant differences in skin SOD levels in the acute dermatitis group when compared to the control group (p>0.05) However, SOD level was decreased in the acute dermatitis group.
We have observed a signifi cant increase in the skin SOD level in the post acute dermatitis/treatment group when compared to the acute dermatitis group (p<0.05). There was a signifi cant difference in the skin SOD level in the pre acute dermatitis/antioxidant group and the post acute dermatitis/treatment group (p<0.05). The skin SOD level was higher in the post acute dermatitis/treatment group than in the pre acute dermatitis/ antioxidant group (p<0.05).
No signifi cant differences in the skin NO levels in the pre acute dermatitis/antioxidant and post acute dermatitis/treatment group when compared to the acute dermatitis and control group (p>0.05). However, NO level was increased in the acute dermatitis group.
We have observed a signifi cant increase in the epidermal integrity disruption, oedema in intercellular dermis, disorganization in collagen fi bres and immunoreactivity after TCA application in the acute dermatitis group compared to the post acute dermatitis/ treatment and the pre acute dermatitis/antioxidant groups (p<0.05).
Epidermal integrity disruption, oedema in intracellular dermis, disorganization in collagen fi bres, immunreactivity were decreased in the post acute dermatitis/treatment group and the pre acute dermatitis/ antioxidant group.
No signifi cant differences in the epidermal integrity disruption, oedema in intercellular dermis, disorganization in collagen fi bres, immunoreactivity in the post acute dermatitis/treatment group when compared to the pre acute dermatitis/antioxidant group (p>0.05).
After staining with masson-trichrome at the tissue sections; disruption in the epidermal integrity, separation of dermis and epidermis, disorganization in the collagen fi bres in dermis layers were observed. Large spaces fi lled with oedema were detected between the collagen fi bres (Figs 1, 2) . On the other hand, in the post acute dermatitis/treatment group and the pre acute dermatitis/antioxidant groups, it was observed that epidermal integrity was preserved and epidermis-dermis contact continued after staining with masson-trichrome. Moreover, there were minimal spaces of oedema compared to acute dermatitis group and collagen fi bres were found to be more organized (Figs 3, 4) .
Caspase-9 immunohistological staining revealed that immunoreactivity was increased in epidermal cells and collagen fi bres in the acute dermatitis group compared to the other groups ( Figs  5, 6 ). On the other hand, immunoreactivity was found to be decreased in the epidermal cells and dermal collagen (Tab. 1) in the post acute dermatitis/treatment group and pre acute dermatitis/ antioxidant groups (Figs 7, 8 ).
Discussion
TCE induced skin irritation -respond to drug -have proven useful in skin cutaneous irritation in balb/c hairless mice (25) .
In the acute and cumulative TCE irritation, the skin developed erythema and oedema, and the predominant histopathological features were hyperkeratosis, spongiosis and infl ammatory cell infi ltrates. In parallel to these morphological changes, an acute TCE irritation also concentration-dependently increased MDA levels and inhibited SOD activities of the skin (15) . Thus, the model is rather suitable for the assessment of the effect of TCE induced cutaneous irritation (15) of balb/c mice. Therefore, we used TCE induced acute irritation and assessment of the effects of potential agents on the dorsal skin of balb/c mice.
In our study, we successfully induced an acute irritation on balb/c mice with TCE. In the skin, disintegrity in the epidermis, intracellular oedema in the dermis, disorganization in collagen fi bres and increased immunoreactivity were observed.
TCE-caused dermatitis via occupational exposure has become a new and urgent problem to be solved in the fi eld of public health in fast-developing countries (15) . Skin irritation is defi ned as a non-immunological, local infl ammatory reaction, which is usually reversible and is characterized by erythema and oedema, following a single or repeated application of a chemical to the same cutaneous site (26).
Shen T et al have shown that skin irritation was induced by TCE as histologically examined by microscopy and oxidative stress assessed by measurement of malondialdehyde (MDA) levels, superoxide dismutase (SOD) activities and nitric oxide (NO) production. Under an acute and cumulative TCE irritation, the skin developed erythema and oedema, and the predominant histopathological features were hyperkeratosis, spongiosis and infl ammatory cell infi ltrates (15) .
The results of our study have shown that a light microscopic evaluation revealed a decrease in disintegrity in the epidermis, intracellular oedema in the dermis, disorganization in collagen fi bres. Moreover, immunohistochemical evaluation revealed a decreased immunoreactivity in the post acute dermatitis/ treatment group and the pre acute dermatitis/antioxidant groups.
This shows the activity of spirulina TCE induced acute irritation on balb/c mice. This is the fi rst study to demonstrate the antioxidative and therapeutic effects of spirulina on trichloroethylene induced cutaneous irritation in balb/c mice.
In literature, we can fi nd Wang et al (25) trial of different substances. Wang et al (25) have also shown that changes of nitric oxide after trichloroethylene irritation in hairless mice skin and a protection of ginkgo biloba extract (GbE) and vitamin E (VE). TCE can produce the irritation on the dorsal skin of BALB/c hairless mice and induce the signifi cant increase of the NO levels. GbE and VE can protect the skin from TCE irritation damage.
LPO has been considered a major presentation of oxidative stress and the results from the oxidation of membrane-associated polyunsaturated fatty acids of phospholipids. The increased membrane LPO is considered to evoke immune and infl ammatory responses. MDA has been extensively utilized as the biomarker of LPO. An increased formation and subsequent accumulation of MDA have been found in various pathological conditions including skin disease (27, 28) .
In the present study, dorsal skin MDA levels were found to be signifi cantly decreased in the pre acute dermatitis/ antioxidant and the post acute dermatitis/treatment group when compared to the acute dermatitis groups (p<0.05), indicating that spirulina is effective against lipid peroxidation.
Shen T et al (15) have also shown that TCE exposure led to an increase in MDA levels in a concentration-dependent manner in acute irritation.
Lee IC et al (29) have shown a protective effects of pine bark extract (PBE) against hexavalent chromium [Cr(VI)]-induced dermatotoxicity in rats. Skin reactions were evaluated by histopathological changes and oxidative stress parameters. Histopathological examination showed moderate to severe necrosis and desquamation in the epidermis and infl ammation and haemorrhage in the dermis. In addition, an increased malondialdehyde (MDA) concentration of the skin were observed in the Cr(VI) group. PBE treatment reduced MDA concentrations. PBE has a protective effect against Cr(VI)-induced dermatotoxicity and is useful as a protective agent against various dermal lesions induced by oxidative stress.
SOD is an endogenous enzymatic scavenger and constitutes the fi rst line of defense against oxygen-derived free radicals, converting the superoxide anion (O 2
•− ) into H2O2 (27, 28) . Our study, no signifi cant differences were found in skin SOD levels in the acute dermatitis group when compared to the control group (p>0.05) However, SOD level was decreased in the acute dermatitis group.
In literature, Shen T et al (15) have demonstrated that an acute TCE irritation inhibited SOD activities of the skin hairless mice.
TCE induced a reduction of SOD activities. TCE induced reduction of SOD activities was mirrored by an increase of LPO in an acute irritation. This parallel reduction in SOD activities could represent a signifi cant enzyme depletion due to clearance of the free radicals inside the skin and thus indicated a high degree of free radical production and LPO occurrence. The anti-oxidative capacity was apparently damaged in the skin by TCE treatment, which would exacerbate toxic effects due to LPO (15) .
There were signifi cant differences in skin SOD level in the pre acute dermatitis/antioxidant group and the post acute dermatitis/ treatment group (p<0.05). Skin SOD level was higher in the post acute dermatitis/ treatment group than in the pre acute dermatitis/ antioxidant group (p<0.05).
In the literature review, we did not fi nd any increase or decrease of SOD with an administered agent in balb/c mice TCE induced skin irritation. In our study, spirulina has an enhanced therapeutic effect in the post acute dermatitis/treatment group. In our study, NO level was increased in the acute dermatitis group when compared to the control group but there was no signifi cant difference (p>0.05). Skin N0 levels were reduced in the pre acute dermatitis / antioxidant group and the post acute dermatitis/treatment group but the decrease was not signifi cant (p>0.05).
Wang L et al (25) have shown that TCE can produce the irritation on the dorsal skin of BALB/c hairless mice and have also shown that in the protection group (1 % GbE, 10 % GbE, 10 % VE and 20 % VE), the NO level were reduced, with the statistically signifi cant differences (p<0.05).
The increase in TCE-evoked NO production may serve as a mediator and contribute to the development of erythema and infl ammation, as well as be responsible for nonspecifi c immune defense mechanisms in TCE induced skin injuries. These fi ndings not only provide an experimental evidence that TCE is capable of increasing oxidative stress by cutaneous irritation, but also support their hypothesis that an increased oxidative stress may play an important role in the pathogenesis of TCE-induced skin irritation (15) .
Several lines of evidence indicate that TCE could generate free radicals and induce oxidative stress increase in other tissue, such as liver, lung and also lead to hepatitis and lung lesion (30, 31, 32, 33). Shen T et al (15) study's have shown the hypothesis that TCE exerts an effect on skin via oxidative stress mediated mechanism, which was tested in hairless balb/c mice with histopathologic evaluation. We also tested this hypothesis that exerts an effect on skin tissue via oxidative stress mediated mechanism in balb/c mice with histopathologic and immunohistochemical evaluations. An increased oxidative stress, histopathologic and immunohistochemical effects was decreased by a protective agent spirulina.
To our knowledge, this is the fi rst report of the antioxidative and therapeutic effects of spirulina on the trichloroethylene induced cutaneous irritation balb/c mice
In conclusion, the present study indicates the effi cacy of spirulina on the trichloroethylene induced cutaneous irritation balb/c mice.
We think that this effect of spirulina is due to its antioxidative (15) and therapeutic (25) properties.
